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1. 

DEVICE AND METHOD FOR CONTROLLING 
A BUCK-BOOST CONVERTER 

CROSS-REFERENCE TO RELATED U.S. PATENT 
APPLICATION 

The present application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Application Ser. No. 61/510,474, 
entitled “Device and Method for Controlling a Buck-Boost 
Converter,” which was filed on Jul. 21, 2011, the entirety of 
which is hereby incorporated by reference. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of one embodiment of 
a converter to convert an input Voltage to an output Voltage 
having a greater or lesser magnitude; 

FIG. 2 is a simplified circuit diagram of one embodiment of 
a buck-boost circuit of the converter of FIG. 1; 

FIG.3 is a simplified circuit diagram of one embodiment of 
a bootstrap capacitor Voltage regulator circuit of a control 
circuit of the converter of FIG. 1; 

FIG. 4 is a simplified circuit diagram of one embodiment of 
a Voltage comparator circuit of the control circuit of the 
converter of FIG. 1; 

FIG. 5 is a simplified flow chart of one embodiment of a 
method for controlling the converter of FIG. 1; 

FIG. 6 is a simplified graph of various voltage levels of the 
converter of FIG. 1 during operation; and 

FIG. 7 is a simplified block diagram of one embodiment of 
an electronic device incorporating the converter of FIG. 1. 

DETAILED DESCRIPTION 

While the concepts of the present disclosure are suscep 
tible to various modifications and alternative forms, specific 
exemplary embodiments thereofhave been shown by way of 
example in the drawings and will herein be described in 
detail. It should be understood, however, that there is no intent 
to limit the concepts of the present disclosure to the particular 
forms disclosed, but on the contrary, the intention is to cover 
all modifications, equivalents, and alternatives falling within 
the spirit and scope of the invention as defined by the 
appended claims. 

References in the specification to “one embodiment”, “an 
embodiment”, “an example embodiment’, etc., indicate that 
the embodiment described may include a particular feature, 
structure, or characteristic, but every embodiment may not 
necessarily include the particular feature, structure, or char 
acteristic. Moreover, Such phrases are not necessarily refer 
ring to the same embodiment. Further, when a particular 
feature, structure, or characteristic is described in connection 
with an embodiment, it is submitted that it is within the 
knowledge of one skilled in the art to effect such feature, 
structure, or characteristic in connection with other embodi 
ments whether or not explicitly described. 
Some embodiments of the disclosure, or portions thereof, 

may be implemented in hardware, firmware, software, or any 
combination thereof. Embodiments of the disclosure may 
also be implemented as instructions stored on a tangible, 
machine-readable medium, which may be read and executed 
by one or more processors. A machine-readable medium may 
include any mechanism for storing or transmitting informa 
tion in a form readable by a machine (e.g., a computing 
device). For example, a machine-readable medium may 
include read only memory (ROM); random access memory 
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2 
(RAM); magnetic disk storage media; optical storage media; 
flash memory devices; and others. 
Many electrical devices require Voltages of varying mag 

nitudes to power individual circuits and/or components of the 
device. To facilitate such requirements, a DC converter may 
be used to convert an input Voltage to an output Voltagehaving 
a magnitude different from the input Voltage. For example, a 
boost converter may be used to convert the input Voltage to an 
output voltage having a magnitude greater than the input 
Voltage. Conversely, a buck converter may be used to convert 
the input Voltage to an output Voltage having a magnitude less 
than the input Voltage. Alternatively, a buck-boost converter 
may be used to convert the input Voltage to an output Voltage 
having a magnitude that is greater than or less than the input 
Voltage depending on the particular voltage requirements of 
the electrical device. 

Referring now to FIG. 1, in one embodiment, a converter 
100 for converting an input Voltage to an output voltage 
having a magnitude different from the input Voltage includes 
a buck-boost circuit 102 and a control circuit 104 electrically 
coupled to the buck-boost circuit 102 to control the operation 
thereof. The buck-boost circuit 102 includes an input 110 to 
receive an input voltage, Vin, and an output 112 at which an 
output voltage, Vout, is generated. The buck-boost circuit 102 
is configured to convert the input Voltage, Vin, received at an 
input 110 to the output voltage, Vout, at an output 112. 
Depending on whether the buck-boost circuit 102 is operating 
in a boost mode or a buck mode, the output Voltage, Vout, may 
have a magnitude that is greater than or less than the input 
Voltage, Vin. 
The buck-boost circuit 102 also includes a buck-mode 

bootstrap capacitor 152 and a boost-mode bootstrap capacitor 
154. As discussed in more detail below, the bootstrap capaci 
tors 152, 154 maintain nodal voltages of the buck-boost cir 
cuit 102 at desired levels to facilitate switching during the 
buck and boost modes of operation. To do so, the Voltages of 
the bootstrap capacitors 152, 154 are monitored and main 
tained by the control circuit 104. 
The control circuit 104 includes a voltage comparator cir 

cuit 108 and a bootstrap capacitor Voltage regulator circuit 
106. During operation, the voltage comparator circuit 108 is 
configured to sense or otherwise measure the Voltage of the 
bootstrap capacitors 152, 154. Based on such voltage mea 
surements, the voltage comparator circuit 108 controls the 
operation of the bootstrap capacitor Voltage regulator circuit 
106 to transfer energy between the bootstrap capacitors 152, 
154 during buck mode and/or boost mode so as to maintain 
the voltages of the bootstrap capacitors 152, 154 above a 
reference level. The control circuit 104 also generates various 
Switching signals to control the operation of other electronic 
switches of the buck-boost circuit 102. For example, the 
control circuit 104 generates the Switching signals to control 
the mode (i.e., buck mode or boost mode) of the buck-boost 
circuit 102 as discussed in more detail below. 

Referring now to FIG. 2, in one embodiment, the buck 
boost circuit 102 is embodied as an H-bridge buck-boost 
converter 200. The H-bridge buck-boost converter 200 
includes an input leg 202 and an output leg 204. The input leg 
202 includes a high-side buck-mode electronic switch 212 
and a low-side buck-mode electronic switch 214 coupled to 
each other at a buck-mode node 220. Similarly, the output leg 
204 includes a high-side boost-mode electronic switch 216 
and a low-side boost-mode electronic switch 218 coupled to 
each other at a boost-mode node 222. 

In some embodiments, the electronic switches 212, 214, 
216, 218 may be embodied as transistors. For example, in the 
illustrative embodiment of FIG. 2, electronic switches 212, 



US 8,570,006 B2 
3 

214, 216, 218 are embodied as metal-oxide-semiconductor 
field-effect transistors (MOSFETs), but may be embodied as 
other types of transistors in other embodiments. The MOS 
FET transistor 212 includes a drain terminal coupled to an 
input node 230 and a source terminal coupled to the buck- 5 
mode node 220. The MOSFET transistor 214 includes a drain 
terminal coupled to the buck-mode node 220 and a source 
terminal coupled to a reference, e.g., ground. The MOSFET 
transistor 216 includes a drain terminal coupled to an output 
node 232 and a source terminal coupled to the boost-mode 
node 222. The MOSFET transistor 218 includes a drainter 
minal coupled to the boost-mode node 222 and a source 
terminal coupled to the reference, e.g., ground. Each of the 
MOSFET transistors 212, 214, 216, 218 includes a gate ter 
minal, which receives a corresponding Switching signal, q1. 
q2, q3, q4 to control the operation thereof. The Switching 
signals q1, q2, q3, q4 are generated by the control circuit 104 
as discussed in more detail below. 
The H-bridge buck-boost converter 200 also includes an 20 

inductor 240 electrically coupled between the buck-mode 
node 220 and the boost-mode node 222. In use, the inductor 
240 stores and discharges energy as needed to maintain the 
output Voltage, Vout, at a desired level. Additionally, as dis 
cussed above, the H-bridge buck-boost converter 200 25 
includes the buck-mode bootstrap capacitor 152 and the 
boost-mode bootstrap capacitor 154. The buck-mode boot 
strap capacitor 152 includes a first terminal electrically 
coupled to the buck-mode node 220 and a second terminal 
electrically coupled to a buck-mode power supply node 250, 30 
which receives power from the bootstrap capacitor Voltage 
regulator circuit 106 (see FIG. 3). Similarly, the boost-mode 
bootstrap capacitor 154 includes a first terminal electrically 
coupled to the boost-mode node 222 and a second terminal 
electrically coupled to a boost-mode power supply node 252, 35 
which also receives powerform the bootstrap capacitor volt 
age regulator circuit 106 (see FIG. 3). 

In use, the control circuit 104 is configured to generate the 
Switching signals, q1, q2, q3, q4, Supplied to the MOSFET 
transistors 212, 214, 216, 218 to control operation of the 40 
buck-boost circuit 102. For example, the control circuit 104 
controls the mode of operation (i.e., buck mode or boost 
mode) of the buck-boost circuit 102 based on the switching 
signals, q1, q2, q3, q4. That is, during the buck mode of 
operation, the control circuit 104 “turns on the MOSFET 45 
transistor 216, “turns off the MOSFET transistor 218, and 
switches MOSFET transistors 212, 214 as required to gener 
ate the desired buck Voltage output, Vout, similar to a typical 
buck converter. Conversely, during the boost mode of opera 
tion, the control circuit 104 “turns on the MOSFET transis- 50 
tors 212, “turns off the MOSFET transistors 214, and 
switches MOSFET transistors 216, 218 as required to gener 
ate the desired boost Voltage output, Vout, similar to a typical 
boost converter. 

It should be appreciated that the bootstrap capacitors 152, 55 
154 are used to maintain the gate Voltages of the high-side 
switches 212, 216 at or above a reference level to ensure 
proper switching functionality of the switches 212, 216. For 
example, in embodiments wherein the input Voltage, Vin, 
equals the Switching Voltage of the Switching signals, q1, q3, 60 
the gate and drain voltage of the high-side switches 212, 216 
would be equal causing the high-side switches 212, 216 to 
immediately “turn off.” As such, the bootstrap capacitors 152, 
154 are used to ensure that the gate voltage of the high-side 
switches 212, 216 is greater than the drain voltage of the 65 
high-side Switches 212, 216 by an amount Substantially equal 
to the voltage of the respective bootstrap capacitors 152,154. 
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In operation, the Voltages of the bootstrap capacitors 152, 

154 are maintained by the bootstrap capacitor Voltage regu 
lator circuit 106. One embodiment of the voltage regulator 
circuit 106 is shown in FIG. 3. The illustrative bootstrap 
capacitor Voltage regulator circuit 106 includes a boost-mode 
switch 300 (“Ss) and a buck-mode switch 302 
(“S) electrically coupled together at a switch node 304. 
The voltage regulator circuit 106 also includes a diode 306 
coupled in parallel with the switch 300 and a diode 308 
coupled in parallel with the switch 302. Similar to the 
switches 212, 214, 216, 218, the switches 300, 302 may be 
embodied as transistors in Some embodiments. For example, 
in the illustrative embodiment of FIG. 3, the Switches 300, 
302 are embodied as P-channel MOSFETs and the diodes 
306, 308 are embodied as body diodes of the associated 
MOSFET switch 300, 302. The MOSFET switch 300 
includes a drain terminal electrically coupled to the buck 
mode power supply node 250 to which the buck-mode boot 
strap capacitor 152 is coupled (see FIG. 2) and a source 
terminal electrically coupled to the node 304. Similarly, the 
MOSFET switch 302 includes a drain terminal electrically 
coupled to the boost-mode power supply node 252 to which 
the boost-mode bootstrap capacitor 154 is coupled (see FIG. 
2) and a source terminal electrically to the node 304. The 
diode 306 includes an anode terminal electrically coupled to 
the buck-mode power supply node 250 and a cathode terminal 
electrically coupled to the node 304. Similarly, the diode 308 
includes a cathode terminal electrically coupled to the boost 
mode power supply node 252 and a cathode terminal electri 
cally coupled to the node 304. Each of the switches 300, 302 
includes a gate terminal receiving a corresponding Switching 
signal, q5, q6, which is generated by the voltage comparator 
circuit 108 (see FIG. 4) to control operation of the switches 
300, 302 as discussed below. 
The bootstrap capacitor voltage regulator circuit 106 

includes a diode 310 coupled to a voltage supply input 320, 
which may be supplied by a Voltage Supply or Voltage Supply 
circuit of the control circuit 104 or other circuit, and the 
buck-mode power supply node 250. The bootstrap capacitor 
voltage regulator circuit 106 also includes a diode 312 
coupled to the voltage supply input 320 and the boost-mode 
power supply node 252. The diode 310 includes an anode 
terminal coupled to the Voltage Supply input 320 and a cath 
ode terminal coupled to the buck-mode power Supply node 
250 to supply voltage thereto. Similarly, the diode 312 
includes an anode terminal coupled to the Voltage Supply 
input 320 and a cathode terminal coupled to the boost-mode 
power Supply node 252 to Supply Voltage thereto. 

During the buck mode of operation of the buck-boost cir 
cuit 102 in which the buck-mode node 220 is switching 
between high and low, the buck-modebootstrap capacitor 152 
is charged via the Voltage Supply, Vcc. However, during boost 
mode operation of the buck-boost circuit 102, the buck-mode 
node 220 is held at the input voltage, Vin (i.e., the electronic 
switch 212 is “turned on). As such, the buck-mode bootstrap 
capacitor 152 may loose charge or otherwise not be suffi 
ciently charged during the boost mode of operation. The 
control circuit 104 (i.e., the voltage comparator circuit 108 of 
FIG. 4) monitors the voltage level of the buck-modebootstrap 
capacitor 152 during boost mode operation and, if the Voltage 
level of the buck-mode bootstrap capacitor 152 drops below a 
reference threshold, “turns on the boost-mode switch 300 to 
transfer energy from the boost-mode bootstrap capacitor 154 
to the buck-mode bootstrap capacitor 152 via the switch 300 
and the forward-biased diode 308. 

Similarly, during the boost mode of operation in which the 
boost-mode node 222 is switching between high and low, the 
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boost-modebootstrap capacitor 154 is charged via the Voltage 
Supply, Vcc. However, during buck mode operation of the 
buck-boost circuit 102, the boost-mode node 222 is held at the 
output voltage, Vout (i.e., the electronic switch 216 is in a 
constant on or closed State). As such, the boost-mode boot 
strap capacitor 154 may loose charge or otherwise not be 
Sufficiently charged during the buck mode of operation. The 
control circuit 104 (i.e., the voltage comparator circuit 108 of 
FIG. 4) monitors the voltage level of the boost-mode boot 
strap capacitor 154 during buck mode operation and, if the 
voltage level of the boost-modebootstrap capacitor 154 drops 
below a reference threshold, “turns on the buck-mode switch 
302 to transfer energy from the buck-mode bootstrap capaci 
tor 152 to the boost-mode bootstrap capacitor 154 via the 
switch 302 and the forward-biased diode 306. In this way, the 
voltage of the bootstrap capacitors 152, 154 are maintained 
above reference thresholds regardless in each mode of opera 
tion of the buck-boost circuit 102. 
As discussed above, the Voltages of the bootstrap capaci 

tors 152, 154 are monitored by the voltage comparator circuit 
108, which generates the Switching signals, q5, q6, to the 
bootstrap capacitor Voltage regulator circuit 106 to transfer 
energy between the bootstrap capacitors 152, 154 as required 
to maintain the capacitor Voltages above the corresponding 
reference Voltages. One embodiment of the Voltage compara 
tor circuit 108 is shown in FIG. 4. The illustrative voltage 
comparator circuit 108 includes a buck-mode Voltage com 
parator circuit 400 configured to monitor the voltage of the 
buck-modebootstrap capacitor 152 and a boost-mode Voltage 
comparator circuit 402 configured to monitor the Voltage of 
the boost-mode bootstrap capacitor 154. 

The buck-mode voltage comparator circuit 400 includes a 
comparator 410 having a first input (A') to receive the volt 
age level of the buck-mode bootstrap capacitor 152, Vbuck, 
and a second input (“B”) to receive the reference voltage level 
(e.g., 12 volts). The comparator 410 is configured to generate 
a “true,” or high-level, output signal if the voltage level of the 
buck-mode bootstrap capacitor 152 is less than or equal to the 
reference voltage level. The output of the comparator 410 is 
provided to a first input (A') of an AND logical block 412. 
The AND logical block 412 also has a second input (“B”) to 
receive a pulse width modulated (PWM) clock signal so as to 
sync the switching of the buck-mode switch 302 with the 
switching of the switches 212, 214, 216, 218 of the buck 
boost circuit 102. The PWM clock signal may be generated 
using any suitable PWM circuit, which may be included in the 
control circuit 104. 
The output of the AND logical block 412 is provided to a 

Set input (“S”) of a Set-Reset (S-R) flip-flop 414. The PWM 
clock signal is also provided to an input of a NOT logical 
block 416, which has an output coupled to the Reset input (R) 
of the S-R flip-flop 414. The inverting output, Q, of the S-R 
flip-flop 414 provides the Switching signal, q6, to the buck 
mode switch 302 of the bootstrap capacitor voltage regulator 
circuit 106. As discussed above, the Switching signal, q5, is 
synchronized with the switching of the switches 212, 214, 
216, 218 of the buck-boost circuit 102 via use of the PWM 
clock signal. Of course, it should be appreciated that in 
embodiments in which the buck-mode switch 302 is embod 
ied as a P-type MOSFET, the non-inverting output, Q, of the 
S-R flip-flop 414 may be used. 
The boost-mode voltage comparator circuit 402 is substan 

tially similar to the buck-mode Voltage comparator circuit 
400. The boost-mode voltage comparator circuit 402 includes 
a comparator 420 having a first input ('A') to receive the 
voltage level of the boost-mode bootstrap capacitor 154, 
Vboost, and a second input (“B”) to receive the reference 
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6 
Voltage level (e.g., 12 volts), which may be equal to or differ 
ent from the reference voltage level of the buck-mode voltage 
comparator circuit 400. The comparator 420 is configured to 
generate a “true.” or high-level, output signal if the Voltage 
level of the boost-mode bootstrap capacitor 154 is less than or 
equal to the reference voltage level. The output of the com 
parator 420 is provided to a first input (A') of an AND logical 
block 422. The AND logical block 422 also has a second input 
(“B”) to receive the pulse width modulated (PWM) clock 
signal So as to sync the Switching of the boost-mode Switch 
300 with the switching of the switches 212, 214, 216, 218 of 
the buck-boost circuit 102. 
The output of the AND logical block 412 is provided to a 

Set input (“S”) of a Set-Reset (S-R) flip-flop 424. The PWM 
clock signal is also provided to an input of a NOT logical 
block 426, which has an output coupled to the Reset input (R) 
of the S-R flip-flop 424. The inverting output, Q, of the S-R 
flip-flop 424 provides the switching signal, q5, to the boost 
mode switch 300 of the bootstrap capacitor voltage regulator 
circuit 106. As discussed above, the Switching signal, q5, is 
synchronized with the switching of the switches 212, 214, 
216, 218 of the buck-boost circuit 102 via use of the PWM 
clock signal. Again, it should be appreciated that in embodi 
ments in which the boost-mode switch 300 is embodied as a 
P-type MOSFET, the non-inverting output, Q, of the S-R 
flip-flop 424 may be used. 

Referring now to FIG. 5, in operation, the control circuit 
104 may execute a method 500 for controlling the buck-boost 
circuit 102. The method 500 begins with block 502 in which 
the control circuit 104 determines whether the buck-boost 
circuit 102 is operating in a boost mode of operation. If not, 
the method 500 advances to block 504 in which the control 
circuit 104 determines whether the buck-boost circuit 102 is 
operating in a buck mode of operation. If not, the method 500 
loops back to block 502. However, if the control circuit 104 
determines that the buck-boost circuit 102 is operating in a 
buck mode of operation in block 504, the method 500 
advances to block 506 in which the control circuit 104 senses 
or otherwise determines the voltage level of the boost-mode 
bootstrap capacitor 154, Vboost, of the buck-boost circuit 
102. If the voltage level of the boost-modebootstrap capacitor 
154, Vboost, is greater than a reference threshold voltage, 
Vboost threshold, the method 500 loops back to block 502. 
However, if the voltage level of the boost-mode bootstrap 
capacitor 154, Vboost, is less than the reference threshold 
voltage, Vboost threshold, the method 500 advances to block 
508. In block 508, the control circuit 104 controls the opera 
tion of the bootstrap capacitor voltage regulator circuit 106 to 
transfer energy from the buck-mode bootstrap capacitor 152 
to the boost-mode bootstrap capacitor 154. To do so, the 
control circuit 104 “turns on the buck-mode switch 302 of 
the bootstrap capacitor voltage regulator circuit 106 to elec 
trically couple the buck-mode bootstrap capacitor 152 to the 
boost-mode bootstrap capacitor 154 via the switch 302 and 
the forward-biased diode 306. 

Referring back to block 502, if the control circuit 104 
determines that the buck-boost circuit 102 is operating in a 
boost mode, the method 500 advances to block 512 in which 
the control circuit 104 senses or otherwise determines the 
voltage level of the buck-mode capacitor 152, Vbuck, of the 
buck-boost circuit 102. If the voltage level of the buck-mode 
capacitor 152, Vbuck, is greater than a reference threshold 
voltage, Vbuck threshold, the method 500 loops back to 
block 502. However, if the voltage level of the buck-mode 
capacitor 152, Vbuck, is less than the reference threshold 
voltage, Vbuck threshold, the method 500 advances to block 
514. In block 514, the control circuit 104 controls the opera 
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tion of the bootstrap capacitor voltage regulator circuit 106 to 
transfer energy from the boost-mode bootstrap capacitor 154 
to the buck-mode bootstrap capacitor 152. To do so, the 
control circuit 104 turns on the boost-mode switch 300 of the 
bootstrap capacitor Voltage regulator circuit 106 to electri 
cally couple the boost-mode bootstrap capacitor 154 to the 
buck-mode bootstrap capacitor 152 via the switch 300 and the 
forward-biased diode 306. 

Referring now to FIG. 6, a graph 600 illustrates the voltage, 
Vbuck, of the buck-mode bootstrap capacitor 152 during the 
buck mode of operation of the converter 100 (left side of 
graph) and during the boost mode of operation of the con 
verter 100 (right side of graph). In the illustrative embodi 
ment, the reference voltage level, Vbuck threshold, is set to 
about 12 volts such that the voltage of the buck-mode capaci 
tor 152, Vbuck, is maintained at a voltage level greater than 12 
volts during the boost mode of operation of the converter 100. 
Similarly, a graph 602 illustrates the Voltage of the boost 
mode bootstrap capacitor 154, Vboost, during the buck mode 
of operation of the converter 100 (left side of graph) and 
during the boost mode of operation of the converter 100 (right 
side of graph). Again, in the illustrative embodiment, the 
reference voltage level, Vboost threshold, is set to about 12 
volts such that the voltage of the boost-mode bootstrap 
capacitor 154, Vboost, is maintained at a Voltage level greater 
than 12 volts during the buck mode of operation of the con 
verter 100. 

Referring now to FIG. 7, an electronic device 700 may 
include one or more converters 702 having bootstrap capaci 
tor Voltage regulation, each of which may be embodied as any 
one of the embodiments of the converter 100 illustrated in and 
described above in regard to FIGS. 1-6. The converter(s) 702 
provide one or more operating Voltages to Sub-circuits or 
components of the electronic device 700. The electronic 
device 700 may be embodied as any type of electronic device 
requiring Voltages of various levels including, for example, a 
desktop computer, a laptop, a mobile internet device, a Smart 
phone, a personal digital assistant, a telephony device, a con 
Sumer electronic device, or other type of electronic device. 
The electronic device 700 may include any number of con 
verters 702 to provide operating voltages of various levels. 
For example, the illustrative electronic device 700 includes 
two converters 702, but may include more or fewer converters 
702 in other embodiments. 

Each of the converters 702 receives a voltage input, Vin, 
from a power supply 704 of the electronic device 700. The 
power supply 704 may be embodied as any type of power 
Supply for Supplying power to the converters 702 and, in some 
embodiments, other components of the electronic device. For 
example, the power supply 704 may be embodied as one or 
more batteries, power supply circuits, and/or the like. Each of 
the converters 702 supplies power to one or more electronic 
circuits 706. Each electronic circuit 706 may be embodied as 
any type of electronic circuit of the electronic device 700 such 
as, for example, processing circuitry, input/output circuitry, 
communication circuitry, and/or any other type of circuit or 
electronic component of the electronic device 700 requiring a 
Supply Voltage having a magnitude different from the Voltage 
magnitude of the power supply 704. 

In use, as discussed in detail above in regard to the con 
verter 100, each converter 702 is configured to convert the 
input voltage, Vin, to an output Voltage, Vout, having a mag 
nitude different from the input voltage as required by the 
corresponding electronic circuit 706. In some implementa 
tions, a single converter 702 may provide power to multiple 
electronic circuits 706, either simultaneously or multiplexed 
at various time intervals. Alternatively, a converter 702 may 
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8 
supply power to a single electronic circuit 706. The power 
supplied by the converter 702 may have a fixed voltage mag 
nitude (e.g., a constant Voltage level) or may have a varying 
Voltage magnitude dependent on various operating condi 
tions and/or criteria of the electronic device. Of course, 
because the converter 702 is capable of operating in a buck 
mode or a boost-mode, each converter 702 may supply a 
power at a Voltage magnitude greater than or less than the 
voltage magnitude of the power supply 704 as required by the 
corresponding electronic circuit 706. Additionally, it should 
be appreciated that although electronic device 700 includes 
multiple converters 702, a single control circuit (e.g. control 
circuit 104) may be used to control each of the buck-boost 
circuits (e.g., buck-boost circuits 102) of the converter 702 in 
Some embodiments. 

There is a plurality of advantages of the present disclosure 
arising from the various features of the apparatuses, circuits, 
and methods described herein. It will be noted that alternative 
embodiments of the apparatuses, circuits, and methods of the 
present disclosure may not include all of the features 
describedyet still benefit from at least some of the advantages 
of such features. Those of ordinary skill in the art may readily 
devise their own implementations of the apparatuses, circuits, 
and methods that incorporate one or more of the features of 
the present disclosure and fall within the spirit and scope of 
the present invention as defined by the appended claims. 

The invention claimed is: 
1. A control circuit to control operation of a buck-boost 

circuit, the control circuit comprising: 
a bootstrap capacitor Voltage regulator circuit electrically 

coupled to a buck-mode bootstrap capacitor of the buck 
boost circuit and to a boost-mode bootstrap capacitor of 
the buck-boost circuit; and 

a comparator circuit electrically coupled to the buck-mode 
bootstrap capacitor and the boost-mode bootstrap 
capacitor, the comparator circuit configured (i) to con 
trol the bootstrap capacitor Voltage regulator circuit to 
maintain a Voltage of the buck-mode bootstrap capacitor 
above a first reference voltage during a boost mode of the 
buck-boost circuit and (ii) to control the bootstrap 
capacitor Voltage regulator circuit to maintain a Voltage 
of the boost-mode bootstrap capacitor above a second 
reference voltage during a buck mode of the buck-boost 
circuit. 

2. The control circuit of claim 1, wherein the bootstrap 
capacitor Voltage regulator circuit comprises: 

a first electronic switch having a first terminal electrically 
coupled to the buck-mode bootstrap capacitor and a 
second terminal electrically coupled to a first node, 

a first diode electrically coupled in parallel with the first 
electronic Switch, 

a second electronic Switch having a first terminal electri 
cally coupled to the boost-mode bootstrap capacitor and 
a second terminal electrically coupled to the first node, 
and 

a second diode coupled in parallel with the fourth elec 
tronic switch. 

3. The control circuit of claim 2, wherein the comparator 
circuit is configured to generate Switching signals to control 
the operation of the first electronic switch and the second 
electronic switch to: 

(i) close the first electronic switch and (ii) open the second 
electronic switch in response to the voltage of the buck 
mode bootstrap capacitor being less than the first refer 
ence voltage during the boost mode of the buck-boost 
circuit, and 
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(i) close the second electronic switch and (ii) open the first 
electronic switch in response to the voltage of the boost 
mode bootstrap capacitor being less than the second 
reference voltage during the buck-mode of the buck 
boost circuit. 

4. The control circuit of claim 3, wherein the comparator 
circuit comprises: 

a first Voltage comparator configured to compare the Volt 
age of the buck-mode bootstrap capacitor to the first 
reference Voltage and a first flip-flop to generate a first 
Switching signal to control the first electronic Switch, 
and 

a second Voltage comparator to compare the Voltage of the 
boost-mode bootstrap capacitor to the second reference 
Voltage and a second flip-flop to generate a second 
Switching signal to control the second electronic Switch. 

5. The control circuit of claim 2, wherein the bootstrap 
capacitor Voltage regulator circuit further comprises: 

a third diode having an anode coupled to a power Supply 
voltage and a cathode coupled to the first terminal of the 
third electronic switch, and 

a fourth diode having an anode coupled to the power Supply 
voltage and a cathode coupled to the first terminal of the 
fourth electronic switch. 

6. The control circuit of claim 2, wherein the first electronic 
Switch and the second electronic Switch are metal-oxide 
semiconductor field effect transistors (MOSFETs), the first 
diode is a body diode of the third electronic switch, and the 
second diode is a body diode of the fourth electronic switch. 

7. The control circuit of claim 6, wherein the first terminal 
of the first electronic switch is a drain terminal and the second 
terminal of the first electronic switch is a source terminal, and 

wherein the first terminal of the second electronic switch is 
a drain terminal and the second terminal of the second 
electronic Switch is a source terminal. 

8. The control circuit of claim 2, wherein: 
the first diode comprises an anode electrically coupled to 

the first terminal of the first electronic switch and a 
cathode coupled to the first node, and 

the second diode comprises an anode electrically coupled 
to the first terminal of the second electronic switch and a 
cathode coupled to the third node. 

9. The control circuit of claim 1, wherein the comparator 
circuit is configured to: 

sense the Voltage of the buck-mode bootstrap capacitor 
and, in response to the Voltage of the buck-mode boot 
strap capacitor being less than the first reference Voltage, 
control the bootstrap capacitor Voltage regulator circuit 
to transfer an amount of energy from the boost-mode 
bootstrap capacitor to the buck-mode bootstrap capaci 
tor during the boost mode of the buck-boost converter, 
and 

sense the Voltage of the boost-mode bootstrap capacitor 
and, in response to the Voltage of the boost-mode boot 
strap capacitor being less than the second reference Volt 
age, control the bootstrap capacitor Voltage regulator 
circuit to transfer an amount of energy from the buck 
mode bootstrap capacitor to the boost-mode bootstrap 
capacitor during the buck mode of the buck-boost con 
Verter. 

10. The control circuit of claim 9, wherein the second 
reference voltage is different from the first reference voltage. 

11. A method for controlling the operation of a buck-boost 
circuit to convert an input Voltage to an output Voltage, the 
buck-boost circuit including a buck-modebootstrap capacitor 
and a boost-mode bootstrap capacitor, the method compris 
1ng: 
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10 
sensing a Voltage of the buck-mode bootstrap capacitor, 
sensing a Voltage of the boost-mode bootstrap capacitor, 
transferring an amount of energy from the boost-mode 

bootstrap capacitor to the buck-mode bootstrap capaci 
torin response to (i) the sensed Voltage of the buck-mode 
bootstrap capacitor being less than a first reference Volt 
age and (ii) the buck-boost converter operating in a boost 
mode, and 

transferring an amount of energy from the buck-mode 
bootstrap capacitor to the boost-mode bootstrap capaci 
tor in response to (i) the Voltage of the boost-mode 
bootstrap capacitor being less than a second reference 
Voltage and (ii) the buck-boost converter operating in a 
buck mode. 

12. The method of claim 11, wherein: 
transferring an amount of energy from the boost-mode 

bootstrap capacitor to the buck-mode bootstrap capaci 
tor comprises controlling the operation of a first elec 
tronic switch to electrically couple the boost-modeboot 
strap capacitor to the buck-mode bootstrap capacitor, 
and 

transferring an amount of energy from the buck-mode 
bootstrap capacitor to the boost-mode bootstrap capaci 
tor comprises controlling the operation of a second elec 
tric switch to electrically couple the buck-mode boot 
strap capacitor to the boost-mode bootstrap capacitor. 

13. The method of claim 12, wherein: 
controlling the operation of the first electronic switch com 

prises closing the third electronic Switch in Sync with the 
boost mode of the buck-boost converter, and 

controlling the operation of the second electronic switch 
comprises closing the fourth electronic Switch in Sync 
with the buck mode of the buck-boost converter. 

14. The method of claim 12, wherein: 
controlling the operation of the first electronic switch com 

prises closing the first electronic switch to transfer the 
amount of energy from the boost-mode bootstrap 
capacitor to the buck-mode bootstrap capacitor via the 
first electronic switch and a body diode of the second 
electronic Switch, and 

controlling the operation of the second electronic Switch 
comprises closing the second electronic Switch to trans 
fer the amount of energy from buck-mode bootstrap 
capacitor to the boost-mode bootstrap capacitor via the 
second electronic switch and a body diode of the first 
electronic switch. 

15. The method of claim 11, wherein the first reference 
Voltage is Substantially equal to the second reference Voltage. 

16. A converter comprising: 
an H-bridge buck-boost converter circuit comprising (i) a 

high-side buck-mode Switch, low-side buck-mode 
Switch, and a buck-mode bootstrap capacitor electrically 
coupled to the high-side buck-mode switch and the low 
side buck-mode Switch and (ii) a high-side boost-mode 
Switch, a low-side boost-mode Switch, and a boost-mode 
bootstrap capacitor electrically coupled to the high-side 
boost-mode switch and the low-side boost-mode switch; 
and 

a control circuit electrically coupled to the H-bridge buck 
boost converter circuit to maintain a Voltage of the buck 
mode bootstrap capacitor above a first reference Voltage 
during a boost mode of operation of the H-bridge buck 
boost converter circuit and maintain a Voltage of the 
boost-mode bootstrap capacitor above a second refer 
ence Voltage during a buck mode of operation of the 
H-bridge buck-boost converter circuit. 
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17. The converter of claim 16, wherein the control circuit is 
configured to: 

maintain the Voltage of the buck-mode bootstrap capacitor 
by transferring an amount of energy from the boost 
mode bootstrap capacitor to the buck-mode bootstrap 
capacitor in response to the Voltage of the buck-mode 
bootstrap capacitor being below the first reference volt 
age, and 

maintain the Voltage of the boost-mode bootstrap capacitor 
by transferring an amount of energy from the buck-mode 
bootstrap capacitor to the boost-mode bootstrap capaci 
tor in response to the voltage of the boost-mode boot 
strap capacitor being below the second reference Volt 
age. 

18. The converter of claim 16, wherein the control circuit 
comprises 

a bootstrap capacitor Voltage regulator circuit having a first 
output electrically coupled to the buck-mode bootstrap 
capacitor and a second output electrically coupled to the 
boost-mode bootstrap capacitor; and 

a Voltage comparator circuit electrically coupled to the 
H-bridge buck-boost converter circuit and the bootstrap 
capacitor Voltage regulator circuit to: 

sense the Voltage of the buck-mode bootstrap capacitor 
and, in response to the Voltage of the buck-mode boot 
strap capacitor being less than the first reference Voltage, 
control the bootstrap capacitor Voltage regulator circuit 
to transfer an amount of energy from the boost-mode 
bootstrap capacitor to the buck-mode bootstrap capaci 
tor during the boost mode of operation of the buck-boost 
converter, and 

sense the voltage of the boost-mode bootstrap capacitor 
and, in response to the Voltage of the boost-mode boot 
strap capacitor being less than the second reference Volt 
age, control the bootstrap capacitor Voltage regulator 
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circuit to transfer an amount of energy from the buck 
mode bootstrap capacitor to the boost-mode bootstrap 
capacitor during the buck mode of operation of the buck 
boost converter. 

19. An electronic device comprising: 
a power Supply circuit configured to generate a Supply 

Voltage; 
a converter electrically coupled to the power Supply to 

convert the Supply Voltage to a converted Supply Voltage 
having a Voltage magnitude different from the Supply 
Voltage, the converter comprising (i) a buck-boost con 
Verter circuit including a buck-mode bootstrap capacitor 
and a boost-mode bootstrap capacitor and (ii) a control 
circuit electrically coupled to the buck-boost converter 
circuit to maintain a Voltage of the buck-mode bootstrap 
capacitor above a first reference Voltage during a boost 
mode of the buck-boost converter circuit and maintain a 
Voltage of the boost-mode bootstrap capacitor above a 
second reference Voltage during a buck mode of the 
buck-boost converter circuit; and 

an electronic circuit having an input electrically coupled to 
the converter to receive the converted Supply Voltage. 

20. The electronic device of claim 19, wherein the control 
circuit is configured to: 

maintain the Voltage of the buck-mode bootstrap capacitor 
by transferring an amount of energy from the boost 
mode bootstrap capacitor to the buck-mode bootstrap 
capacitor, and 

maintain the Voltage of the boost-mode bootstrap capacitor 
by transferring an amount of energy from the buck-mode 
bootstrap capacitor to the boost-mode bootstrap capaci 
tOr. 


